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AN OPTIMAL ESTIMATOR OF 
INTRINSIC ALIGNMENTS FOR STAR-
FORMING GALAXIES
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https://www.tng-project.org
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Galaxy Intrinsic alignment (IA) 

Orientation of galaxies align 
with the matter field and 

surrounding galaxies

Joachimi+2016

https://www.tng-project.org



INTRINSIC ALIGNMENT  — WHY IMPORTANT
‣ Contaminates Weak Lensing Cosmology (Hirata & Seljak 

2004, Troxel+2015)
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Source

Lens

Lens



‣ Contaminates Weak Lensing Cosmology (Hirata & Seljak 2004, 
Troxel+2015) 

‣ Probe of cosmology: Primodial non-Gaussianity, BAO 
(Chisari+2013, Chisari+2016, Akitsu+2020) 

‣ Constrains galaxy formation and evolution 

Akitsu+2020

5INTRINSIC ALIGNMENT — WHY IMPORTANT

 IA —> sensitive probe of anisotropic PNG (s=2)

Clustering —> isotropic PNG (s=0)
Dalal+2008



6TIDAL ALIGNMENT MODEL

Catelan+2001, Hirata & Seljak 2004, Bridle & King 2007

tidal field  

elongate/compress the halo

Linear alignment model

Intrinsic shear

Primordial potential

Cross correlation of intrinsic 
shear and matter field

Non-linear alignment model

replace linear power spectrum 
by its non-linear one



7INTRINSIC ALIGNMENT — OBSERVATIONS

SDSS LRGs 
0.15< z <0.5

Okumura & Jing 2009, Blazek+2011

Linear alignment model

Non-linear alignment model

LRGs — clear IA signal shown by the 
correlation function between galaxy 

positions and intrinsic ellipticities

Mandelbaum+2011, Yao+2020

Blue star-forming galaxies — no clear 
IA signal detected so far



8ELGS SURVEYS

PFS survey cosmology: use single tracer ([OII] emission line galaxies, i.e. ELGs) to 
map evolution of the large-scale structure of the Universe in a wide range of redshifts, 
0.6 < z < 2.4, over 1400 deg2  sky area covered also by the HSC image survey

DESI targets:

DESI Collaboration, 2016



? Is there an estimator that optimally 
extracts the IA signal surrounding the 

star-forming galaxies (i.e. ELGs)



ILLUSTRIS-TNG SIMULATION 10

https://www.tng-project.org



SELECTION OF ELGS IN TNG300 11

SFR ranked selected galaxies  
roughly corresponds to 

[OII] emission line strength selected galaxies

Gonzalez-Perez+2020; Osato & Okumura 2021, in prep

Shi+2021a

Shi+2021b
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z=1.5, galaxy ID=18349
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Ray-tracing simulation using Pégase.3 code
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0.6 arcsec seeing 
1200sec exposure  

8.2m Subaru aperture
Shi+2021b



APERTURE SHAPE ESTIMATOR 13

Reduced inertia tensor

Shi+2021b
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 ——    flux of pixels 

 ——  distance of pixels to the ELG

 ——    mass of the stellar particles 
          within the galaxy

1Mpc/h aperture versus within ELG 

no weighting versus 1/r2 weighting



APERTURE SHAPE ESTIMATOR 14

Reduced inertia tensor

Shi+2021b
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 ——    flux of pixels 

 ——  distance of pixels to the ELG

 ——    mass of the stellar particles 
          within the galaxy
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Reduced inertia (DM centered on ELG)

Reduced inertia (stellar particles in ELG)

This method (texp = 1200 sec., pixels with S/N> 3)

ELGs, ng = 10�4(h�1Mpc)�3, z = 1.5

IA OF ELGS

Aperture shape estimator 
captures                                         

the IA signal surrounding the 
ELGs

Shi+2021b

IA power spectrum  
(Kurita+2020, Shi+2021a)
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ELLIPTICITIES OF ELGS

Light distribution follows the matter distribution
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z=2.0: AIA =15.45±2.84

z=1.5: AIA =12.86±2.83

z=1.0: AIA =15.26±2.89

z=0.5: AIA =15.39±2.96

ELGs, ng = 10�4(h�1Mpc)�3

17REDSHIFT EVOLUTION

Shi+2021b

Non-linear alignment model



18REDSHIFT EVOLUTION
Shi+2021b

Given stellar mass, weak/no 
redshift evolution of galaxy IA

Shi+2021a



19SUMMARY

ELGs with spec-z Galaxy images

IA signal for ELGs

Aperture 
shape estimator


